Abstract: We have generated multiple micrometer-sized optical dipole traps for neutral atoms using holographic techniques with a programmable liquid crystal spatial light modulator. The setup allows the storing of a single atom per trap, and the addressing and manipulation of individual trapping sites. In the search for a suitable system for quantum information processing, certain requirements have to be met 111, such as scalability of the physical system, the capability of initializing and reading out the qubits, and the possibility of having a set of universal logic gates. Neutral atoms are one of the most promising candidates for storing and processing quantum information. A qubit can be encoded in the internal or motional state of an atom, and several qubits can be entangled using atom-light interactions or atom-atom interactions. . Gate operations require the addressability of individual trapping sites and reconfigurability of the array ln this contribution we present an experimental demonstration of the generation of multi-trap arrays for single atoms using holographic techniques [15] . Holographic optical tweezers use a computer designed diffractive optical element to split a single collimated beam into several beams, which are then focused by a high numerical aperture lens into an array of tweezers. Holographic optical tweezers can be implemented by using computer-driven liquid crystal Spatial Light Modulators (SLM) [16]. The advantage of these systems is that the holograms corresponding to various arrays of traps can be designed, calculated and optimized on a computer. Then the traps can be controlled and recontigured by writing these holograms on the SLM in real-time, and for instance each site can be moved and switched on and off independently from the others.
In the search for a suitable system for quantum information processing, certain requirements have to be met 111, such as scalability of the physical system, the capability of initializing and reading out the qubits, and the possibility of having a set of universal logic gates. Neutral atoms are one of the most promising candidates for storing and processing quantum information. A qubit can be encoded in the internal or motional state of an atom, and several qubits can be entangled using atom-light interactions or atom-atom interactions. . Gate operations require the addressability of individual trapping sites and reconfigurability of the array ln this contribution we present an experimental demonstration of the generation of multi-trap arrays for single atoms using holographic techniques [15] . Holographic optical tweezers use a computer designed diffractive optical element to split a single collimated beam into several beams, which are then focused by a high numerical aperture lens into an array of tweezers. Holographic optical tweezers can be implemented by using computer-driven liquid crystal Spatial Light Modulators (SLM) [16] . The advantage of these systems is that the holograms corresponding to various arrays of traps can be designed, calculated and optimized on a computer. Then the traps can be controlled and recontigured by writing these holograms on the SLM in real-time, and for instance each site can be moved and switched on and off independently from the others.
Our basic apparatus consists of a strongly focused, far-detuned dipole trap loaded from a magneteoptical trap (MOT) for Rubidium atoms. The dipole trap beam is focused by an objective with a large numerical aperture. This gives a measured beam waist of 0.9 pm, close to the diffraction limit. This focused beam provides a tightly confining trapping potential at the center of the intersection region of the MOT beams. The apparatus allows single atom trapping and detection [la].
We use a SLM to encode a twwdimensional phase pattern on the dipole trap laser beam, which is then sent to the focusing objective. This allows us to generate an array of traps at the focal plane, each of them capable of capturing a single atom. Different phase modulation patterns were calculated using an iterative FFT algorithm and tested experimentally. We show that we can control the optical potential of each trap (figure 1) and the geometry of the array (figure 2), as well as its periodicity. Furthermore our system allows each singleatom site to be addressed and to be moved respect to the others with submicrometer precision ( figure 3) . This is, to our knowledge, the first time single atom trapping and manipulation has been achieved using computer-generated holograms and we cousider it of fundamental importance, as it opens up new routes for application in quantum computation and atomic physics.
